SUMMARY This paper presents data on the extent to which blood pressure (BP) and growth status at 7 years of age are associated with BP, growth, and maturity status during adolescence. Two samples of black adolescents, namely, a representative sample (n = 562) stratified by sex and age (11 to 15 years) and a sample (n = 256) with supine BP over one standard deviation abore the mean at 7 years of age (High BP7), were selected from the Philadelphia Collaborative Perinatal Project (CPP) population and followed longitudinally for 3 years. When the subjects reached adolescence we again measured supine blood pressure, height, weight, and skeletal maturity. Analyses of the data collected at 7 years of age by the CPP Indicated that weight and height are highly significantly associated with systolic blood pressure (SBP) and diastollc blood pressure (DBP) respectively. Accordingly, the SBP, DBP, weights, and heights of the representative sample at age 7 were divided into percentile groupings (< 15%, 15%-85%, > 85%). Using mixed longitudinal analyses during adolescence, we found that mean SBP tracked in males through age 15 and in females through age 13 based on the percentile groupings of SBP, height, and weight. Moreover, the weight percentile groupings provided the best discrimination of SBP at these ages. Skeletal age also tracked throughout early adolescence using these percentile groupings of 7-year heights and weights. In females only, diastollc phase 4 (DBP 4 ) daring adolescence was significantly associated with 7-year height percentile groupings. In comparing the representative and the High BP7 samples at each chronological age for BP, height, weight, and skeletal age at adolescence (ages 12 to 17 years), it was found that the High BP7 sample was, on the average, taller and heavier at age 7 and throughout early adolescence. At age 17 in males, however, there were no significant differences in BP, growth, or maturity status. In females, SBP of the High BP7 sample remained significantly higher, and there was a tendency for them to remain heavier through age 17. Hence BP variation is so closely associated with growth and maturation that these factors must be taken into account when assessing BP in childhood and adolescence. 
O VER the last decade there has been increasing attention focused on the identification of the earliest possible period in the human life cycle when initial variation in blood pressure (BP) could provide clinically useful data for predicting adult risk of primary hypertension. 1 "* Studies among adults have demonstrated that initial BP, age, and ab-solute weight change account for significant proportions of the variation in subsequent BP values measured up to 30 years later."" 16 Of special interest is the magnitude of the correlations among sequential BP in adults over the course of many years. While there is some degree of controversy over whether initial BP levels,'-10 -" aging, 18 body weight, 1 *' " and compositional changes, 1 4' " or other variables are the most important predictor of subsequent tracking of BP levels, the overall evidence in adults suggests that this tracking should begin during adolescence and perhaps earlier during childhood.
When dealing with BP variation in children, however, there are at least two major additional factors to be considered. These are: 1) the effects of growth and maturation on BP through the earlier phases of HIGH BLOOD PRESSURE IN THE YOUNG  SUPP I, HYPERTENSION, VOL 2, No 4, JULY-AUGUST, 1980 childhood; and 2) the added effects of sex differentiation during the pubertal growth spurt and over the course of adolescence. A number of cross-sectional studies have demonstrated an association among height, weight, and BP variation within chronological age groups throughout much of the growth period. 18 "* 1 Likewise, significant associations among maturation, sex differentiation, and BP during puberty are well documented." 27 Hence, the tracking of BP is a more complex phenomenon in children than in adults since the growth and maturational events that play such a large role in BP variation also vary considerably among individuals in their timing and degree of expression during childhood and adolescence. Several serial BP studies have demonstrated sharp decreases in the correlations among initial and subsequent measures during the period of child growth and development as opposed to the much higher correlations reported for adults. 9 ' "• **" Moreover, during adolescence, there is an even greater decrease in the correlations." Recently, Voors and his colleagues' have demonstrated that, at least over the course of 1 year, the significant correlation between initial and subsequent BP is maintained when the effects of variations in growth are partialed out of the correlation. However, longitudinal studies that take into account serial BP as well as the effects of growth and maturation measured over longer periods of time, including the effects of the pubertal growth spurt, have never been reported. Accordingly, we have undertaken a detailed analysis of the interrelations among growth, maturation as estimated by skeletal age, and BP in a population of black children from the Philadelphia portion of the national Collaborative Perinatal Project (CPP). Casual supine BP and growth were measured at 7 years of age by the CPP. Subsequently, we followed a sample of these children at adolescence annually for 3 years. In addition to BP and growth measures, skeletal age was determined also at adolescence. Since very little is known about the interrelations of BP, growth, and maturation over adolescence, we have selected for this first report a mixed longitudinal approach to the analysis in contrast with regression or other techniques. 40 Mixed longitudinal designs are employed frequently in somatic growth studies; 41 "** the data can be analyzed cross-sectionally or longitudinally. In our study, longitudinal data were used to maximize sample size cross-sectionally for each age group. The longitudinal element allows for tracking of change over time. This is particularly important during adolescence since rates of growth and maturation vary from individual to individual. Also, because BP levels fluctuate widely from reading to reading in the same individual during puberty, our initial analyses have focused on following age groups over time in order to minimize the impact of individual fluctuations. Such an approach also tends to average out the effects of regression'to the mean due to cohort effects (table 1), since each age group includes individuals from more than 1 year of the study. 
Methods
Our subjects were selected from the population originally studied by the Philadelphia branch of the Collaborative Perinatal Project (CPP). The Philadelphia CPP, beginning in 1959, prospectively gathered comprehensive maternal, medical, psychological, and social information on seven cohorts, representing approximately 10,000 registrations into the study. Longitudinal data were collected by the CPP from gestation through 7 years of age at various intervals, including examinations of the children at 4 months, 1, 4, and 7 years of age. At 7 years, the pediatric examination included the casual measurement of supine BP and measures of height and weight. The DBP 4 was recorded unless it was difficult to distinguish, in which case phase 5 (DBP S ) was recorded. The mothers who registered into the Philadelphia CPP all came from urban areas in Philadelphia; 87% of the mothers were black, 10% white, and the remaining 3% Puerto Rican. In general, the subjects were born into families with relatively low socioeconomic status. Additional information on the sample and its characteristics is available in Niswander and Gordon. 44 
Sampling
Our two samples were selected from the Philadelphia CPP cohorts registering between 1961 and 1965. These are: 1) a representative sample of over 500 black adolescents, stratified by age and sex; and 2) a sample of over 250 black adolescents who had, at age 7, SBP or DBP exceeding one standard deviation of the CPP population mean. This latter sample was studied because we hypothesized that children with elevated BP at 7 years would be at special risk for elevated BP during adolescence.
The subjects were seen once a year for 3 consecutive years, beginning in February, 1977. Thus, we selected from only the last five CPP cohorts (1961 to 1965) , to assure that the oldest adolescents would still be under 18 years of age at the end of the study. Table 1 shows the design of the representative sample, across all 3 years of the study. It should be noted that all age intervals within this study are such that the age represents ± 0.5 of that year; the mean age for that interval, therefore, should closely approximate the integer age (11.0, 12.0, etc.). Each of the five age cohorts contained about 100 adolescents, 50 of each sex. Table 2 presents the mean age for each cohort and the maximum number of measures analyzed using the mixed longitudinal design. Thus, as can be seen, the age cohorts 13 through 15 have the maximum number of measures when all 3 years are combined; the cohorts at age 11 and 17 have the least.
To select a sample of adolescents who had higher than average BP at 7 years, we determined the mean BP at 7 years for the black Philadelphia CPP children who fell within the age range of those selected for the representative sample. The mean SBP for the 4654 children who met this criterion was 97.5 ± 9.7 mm Hg; the mean DBP was 56.9 ± 10.0 mm Hg. Subjects were contacted if their SBP or DBP were beyond one standard deviation of these means at age 7. It should be noted that the average ages for the age cohorts of the High BP7 sample did not differ from those of the representative sample presented in table 2. The majority of the High BP7 sample was selected on the criterion of higher SBP rather than DBP, although the mean DBP of the High BP7 sample is statistically significantly higher (p < 0.001) than that of the representative sample. Figure 1 presents a schematic diagram of the sampling design. The larger circle denotes the representative sample, while the smaller circle denotes the sample selected on the basis of High BP7. There is an expected area of overlap between these two samples; in all statistical comparisons between the two samples, the adolescents who overlapped were treated as members of both. That is, in all comparisons involving the two samples, those children who were in both were included in the calculations for each sample. This is conservative in the sense that the same score is used to calculate the means for the representative and the High BP7 samples, and this tends to pull the two means closer together. It is not conservative in that the procedure artificially increases the degrees of freedom (df) for any comparison. The increase in the df is of little consequence here, however, since in all but one case the df is well above 100. *The data on 11-year olds were not included in subsequent analyses because the age distribution of the children representing 11-year olds was skewed toward the upper end of the interval.
This table presents the research design for the representative sample only. The same design was utilized for the High BP7 sample; however, the latter sample had approximately half of the number of measures for each age group as the representative sample. The average age for each age cohort of the High BP7 sample did not differ significantly from those given above for the representative sample. The basic data collection protocol was as follows ( fig. 2) : upon arrival at the examination center, the children reclined for at least 10 minutes after which they had two supine BPs taken. Afterward they sat up for at least 5 minutes and then, while seated, had BP measurements made. After all BP readings were completed, the children were escorted in a group to the Department of Radiology where a hand-wrist radiograph of their left hand was taken. Urine samples for routine screening urinalyses were also collected.
Upon returning to the examination center, half of the group was assigned to a room where psychological protocols and a demographic questionnaire were administered. The other half was cycled through the following stations: 1) anthropometry, including the measurement of height, sitting height, weight, and skinfold thicknesses; 2) blood drawing where a sample of venous blood was drawn for later endocrine analyses; and 3) tolerance testing, that is, a 60-second cold pressor test. This latter test was performed on only a subsample of volunteer children in the first year of the study. The two groups were then switched, and each group was cycled through the remaining parts of the protocol. This basic protocol was followed during all 3 years of the study with the exception that seated BPs were added midway through the first year, and no tolerance testing was done after the first year. Several measures, namely, biceps and suprailiac skinfolds, were added in the second year, and measures of hand grip and biacromial and biiliac body diameters were added in the third year.
Blood Pressure Measurement
Blood pressure was measured using a mercury-gravity sphygmomanometer (Baumanometer). During the second and third years, before measuring the BP the right arm was measured casually to assure the use of appropriate cuff size. Two supine measures were taken first, 1 minute apart, with an intervening 30-second pulse measurement. The two seated BP measures were made similarly. At each reading, SBP, DBP 4 , and DBP 5 were recorded. A deviation from this procedure occurred in the first year when approximately 10% of the readings were taken using a (Gelman-Hawksley) random-zero sphygmomanometer. The random-zero sphygmomanometer was assigned to a different observer each day to control for digit preference in BP readings. However, since it was determined, during the first year, that no significant digit preference was evident for any of the observers, the use of the random-zero sphygmomanometer was discontinued. For a further analysis of this device, see Barker and colleagues. 4 * 1 *" In addition, our analysis of the mean differences at each age between the measures taken using the random-zero and those taken using the Baumanometer shows no significant differences and no consistent directional variation. It has been suggested 47 -** that more than two sequential BP readings should be taken 1 minute apart on each subject, the first reading eliminated, and the remaining ones averaged to yield an accurate BP measure. Therefore, in the second year of the study, three sequential supine readings were taken on 71 individuals. Analyses of variance comparing the three SBP and DBP 4 readings indicated no significant differences. We, therefore, concluded that under the conditions of our investigation no significant additional information could be gained by taking three readings.
An analysis of the differences between the first and second supine SBP and DBP 4 was done using the representative sample. Results indicated no consistent differences, except for females in the third year, when the mean of the difference between the first and second SBP reading was lower by 0.7 ± 4.2 mm Hg (n = 373, p = 0.001). Given these small differences which were significant in only one instance, we used the average of the two supine readings to represent BP in the analyses for this paper.
There were three principal observers for BP each year; inter-and intra-observer reliability measures were routinely taken as part of the protocol, and the data correlated. In the first year, the correlation coefficients for sequential intra-reliabilitics (approximately 10 minutes apart) ranged from 0.87 to 0.94 for SBP (n = 92) and from 0.71 to 0.84 for DBP 4 (n = 92). Simultaneous inter-observer reliability measures were taken using a double-listening stethoscope, which has two sets of ear pieces. The median inter-reliability BLOOD PRESSURE, GROWTH AND MATURATION/ATafr et al. score between all pairs (n = 307) for SBP was 0.97, with a range of 0.81 to 0.99, and for DBP 4 (n = 307) 0.93, with a range of 0.85 to 0.97.
Inter-and intra-observer reliability measures were also taken all 3 years as part of the anthropometry protocol; there were two observers each year. All measurements were taken using standard anthropometric techniques." Height and sitting height were measured using a Holtain stadiometer; weight was measured on a Homs beam scale; skinfolds were measured using a Holtain skinfold caliper, and body width measurements were taken with a Gneupel Martin anthropometer. The correlation coefficients for both inter-and intra-observer reliabilities for all anthropometric measurements exceeded 0.94. For height and weight measurements, all reliabilities were 0.99 for each year.
Skeletal age, used as the estimate of relative maturation, was determined by the TanncrWhitehouse II method 50 of rating hand-wrist radiographs on the maturity of 20 individual bones. Interobserver reliability ratings between our observer and R. Whitehouse were r = 0.97 for carpal bone score, 0.98 for radius-ulna-short bone (RUS) score, and 0.99 for total bone score (n = 20). Intra-observer reliability ranged from 0.91 to 0.97 for the three bone scores. The same observer rated all radiographs for the 3 years of the study.
Results
Blood Pressure, Height, and Weight Associations at Age 7
As a first step to determine the association of somatic growth and maturation with BP, an analysis was made using the CPP data of the relationship of height and weight at 7 years with SBP and DBP. The results, using a two-way analysis of variance, are presented in table 3. In both males (n = 2994) and females (n = 3083), SBP was significantly associated with weight (p < 0.0002 and/? < 0.0001 respectively) but not with height. With DBP, there was a significant association with height but not weight in both males and females (p < 0.04 and p < 0.002 respectively).
Representative Sample: Tracking from Age 7 into Adolescence Individual height and weight generally track throughout the growth period. Since the results above show that BP is strongly associated with height and weight at age 7, we next determined the extent to which adolescent BP continued to track according to both BP and growth status observed at year 7.
The children in the representative sample were divided into percentile groups: those falling at or below the 15th percentile (< 15%), those between the 15th and 85th percentiles (15%-85%), and those at or above the 85th percentile (> 85%), for SBP, DBP, height, and weight at age 7. For SBP in both males and females, the range of values for the measures corresponding to the three percentile groups at 7 years are <. 88, 89-108, and ^ 109 mm Hg. For DBP in males at age 7, the values were <. 46, 47-68, and ^ 69 mm Hg, and for females ^ 48, 49-68, and 2: 69 mm Hg. The corresponding values for the three height percentile groups for both males and females at age 7 were ^ 116.0, 116.1-127.0, and 7> 127.1 cm. Finally, for weight, the values for males were <. 20.9, 21.0-28.0, and ^ 28.1 kg, and for females, <, 20.2, 20.3-27.8, and £ 27.9 kg.
In the upper panel of figure 3 (black males) and figure 4 (black females), the tracking of mean SBP during adolesence is presented by chronological age for the three percentile groups of our representative sample based on SBP at the 7-year examination. The data show that males who are in the > 85% group for SBP at age 7 continue to have, on the average, significantly higher SBP until age 15. The results of one-way analyses of variance by chronological age, testing for significant differences among mean SBP of the three percentile groups, are given in tables 4 and 5 for males and females. They reveal significant differences (p < 0.01) for ages 12 to 15 for males. The differences in mean SBP at subsequent ages are insignificant. As was shown by the Duncan Multiple Range post hoc procedure for grouping trends, the > 85% group is significantly different from the middle and lower groups for ages 12 to 14. The only signifi- •BP = blood pressure; SBP = systolic blood pressure; DBP = diastolic blood pressure. tht * wt refers to the interaction between height and weight as a result of the two-way analysis of variance. The significance value indicates the predictive value of this interaction on SBP and DBP in the 7-year-old population. cant difference between the lower and middle percentile groups occurs at age 15. Thus, BP tracking in adolescent males, using the 7-year SBP percentiles, more clearly separates the > 85% group from the middle and lower groups than it does the latter two from each other. For females, the significance among the percentile groups for SBP wasp < 0.02 for 12, p < 0.005 for age 13, but there were no significant differences at subsequent ages. Similarity, the analysis of variance of the SBP reveals a separation between the > 85% group and the others. The analyses of variance of tracking for DBP 4 during adolescence, based on percentile groups for DBP at age 7, showed no statistically significant differences for either sex.
Tracking by weight and height percentile groups from the 7-year exam is also presented in figures 3 and 4 for SBP. The improvement of SBP tracking provided through the use of weight percentile groups is evident in the middle of the figures noted above. Up to age 17 for males and age 13 for females, the use of the 7-year weight percentile groups maintains the BP tracking for all three groups. However, the results of the analysis of variance (tables 4 and 5) show that the differences among the weight groups were significant for males for ages 12 to 15 and for females at age 13 only. Furthermore, the Duncan Multiple Range post hoc procedure shows that for males the 7-year weight percentile groupings separated the middle and lower percentile groups, whereas the 7-year SBP percentile groupings did not. This can be seen graphically in figure 3 . Also, the differences between the > 85% group and the others were maintained. The tracking was not as clear for the females, although it was indicated up to age 13 (figs. 4 and table 5). Again, it should be noted that the results for DBP did not reveal any consistent tracking when weight percentile groups were utilized. Further, using various indices of obesity (weight/height 2 , weight/height 8 ), as opposed to weight alone, did not improve the tracking of either SBP or DBP."
Tracking of SBP using height percentile groups (bottom sections of figures 3 and 4) shows that SBP tracks up to age 15 in males and 13 in females, a result similar to that obtained using 7-year BP percentile groups. Tables 4 and 5 show the results of the analysis of variance of these BP differences. The Duncan Multiple Range post hoc procedure shows no consistent grouping trend among the percentile groups for males, but for females the < 15% group can be separated from the others at ages 12 and 13. Thus, use of height percentile groups determined at 7 years does not seem to improve SBP tracking over the use of SBP percentile groups at 7 in males. On the other hand, use of weight percentile groups seems to provide better SBP tracking during adolescence.
Adolescent DBP in males demonstrated no significant associations with percentiles based on any of the 7-year data. However, the females (table 6) Height percentile groups at 7 years Note: The underlining of the various percentile group means represents the results of the Duncan multiplerange post hoc procedure, and indicates statistically significant groupings (p < 0.05) among the means of the percentile groups. The n's for each age group can be obtained by adding 3 to the degrees of freedom value to the right of the comma. Ages given in the column marked "age" are chronological ages. associated with the < 15% height group was significantly lower than the middle and upper percentilcs at age 12 and 13, but significantly higher than these groups at age 17. This finding in females of associations of 7-year height percentiles with DBP in adolescence could be consistent with the more highly significant association between these variables at age 7 in females.
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Since it could be inferred from these results that relative maturity, at least in terms of greater weight and height, was influencing BP tracking through adolescence, we then analyzed for the extent to which weight, height, and BP during childhood influence relative maturity at puberty, as measured by skeletal age. Table 7 presents the results for males and table 8 for females of a one-way analysis of variance of skeletal age during adolescence based on the same percentile groupings previously used to analyze BP.
For males, the differences in relative maturity among the three groups was significant up to age 16 using weight percentiles and up to age IS using height percentiles (table 7) . The Duncan Multiple Range post hoc procedure yielded significant groupings for skeletal age up to age IS for both weight and height percentile groups and showed that fairly good definition among all three groups was obtained. Similarly, for females (table 8), significant differences in skeletal age were obtained up to age 15 for weight and age 14 for height. Again, the three percentile groups in each case were fairly well defined using the Duncan procedure. We did find that weight and height in early childhood does have a significant association with relative maturity during adolescence. This may explain, at least in part, the BP differences obtained in adolescence based on these same growth variables. It should be noted that the skeletal age data for females was tabulated up to age 15, but not for subsequent ages, because full maturity is skeletal age 16 using the Tanner-Whitehouse II method" for skeletal age assessment. Full maturity for males is skeletal age 18, and, therefore, their skeletal age variation was analyzed through age 17. Note: The underlining of the various percentile group means represents the results of the Duncan multiplerange post hoc procedure, and indicates statistically significant groupings (p < 0.05) among the means of the percentile roups. Double underlining indicates that more than one grouping among the percentile groups was found to be significant. Note: The underlining of the various percentile group means represents the results of the Duncan multiplerange post hoc procedure, and indicates statistically significant groupings (p < 0.05) among the means of the percentile groups. Double underlining indicates that more than one grouping among the percentile groups was found to be significant. Data used to establish the 7-year percentile groupings for the 15th and 85th percentiles respectively were as follows: height, < 116 and > 127.1 cm. Note: The underlining of the various percentile group means represents the results of the Duncan multiplerarjge post hoc procedure, and indicates statistically significant groupings (p < 0.05) among the means of the percentile groups. Double underlining indicates that more than one grouping among the percentile groups was found to be significant.
Comparisons Between the Representative and High Blood Pressure at 7 Samples
To test our results further, we compared the representative sample to the sample of adolescents who had High BP7 (table 9). The mean differences were highly significant for each variable: SBP, DBP, height, and weight. For males, figure 5 summarizes the mixed longitudinal BP and growth data, tracking the two samples through adolescence. The High BP7 males have significantly higher SBP, advanced skeletal age, and greater height, and weight during puberty. Analysis of variance of the differences in the means between the two groups shows that by age 15 for skeletal age, age 16 for weight, and age 17 for SBP ( fig. 5 ) and height, these significant differences are no longer apparent. There are no significant differences in mean DBP at any age.
It appears that differences in SBP between the two groups of males during early adolescence relate more to normal individual growth variability than they do to pathology. High BP7 males were taller, heavier, and had higher BP at age 7 and through puberty. On the other hand, the representative sample of males who, on the average, matured later became comparable to the High BP7 group for all of these variables at age 17, when growth was nearly complete.
When the female data were examined ( fig. 6 ), a different tracking pattern emerged. Significant differences in SBP between the High BP7 group and the representative sample remained during adolescence. Results of an analysis of variance of mean SBP between the two groups yielded a significance level of p < 0.01 for ages 13 through 17. There were no significant differences between the two groups for height nor, with one exception at age 14, for skeletal age. Differences in weight between the two groups remained, however, and were significant at ages 14 and 16 at the p < 0.02 level. This tendency for the High BP7 females to remain heavier than the representative females through adolescence may explain the consistent SBP differential. Again, no significant differences for DBP were evident. 
Discussion
Our analysis of the extent to which BP status at 7 years of age is associated with subsequent BP levels during adolescence utilizes a mixed longitudinal design, similar to that frequently employed in studies of somatic growth."-41~" This is particularly important during adolescence, since rates of growth and maturation vary among individuals. This design maximizes sample size cross-sectionally for each age group, and allows for analyses over time; however, it is important to note that each age cohort is followed from the first year of the study for 3 years, whereas the presentation of the data includes all available data for each age group.
The sample in this study is composed of black adolescents from Philadelphia, and it will need further testing with other adolescent populations to see if these results relating growth and BP can be generalized. Several, but not all, studies of BP variation during childhood have found no significant differences between black and white children."" Some differences that did exist at adolescence have been associated with socioeconomic status."
The data on supine SBP for the entire sample of black children from the Philadelphia Collaborative Perinatal Project (n = 6077) at 7 years are in very close agreement with those in the report of the Task Force on Blood Pressure Control in Children." The DBP levels at 7 years of the Philadelphia CPP population are consistently lower by about 5 mm Hg. This is probably related to two facts: 1) the CPP protocol called for measuring BP in the supine position, and 2) DBP B was recorded in the event that the DBP 4 was undetected. We have found highly significant effects of weight and height on both SBP and DBP. Similar associations with somatic growth status have been observed repeatedly by other investigators.*' "• » . "•"•" This suggests that the heavy, tall child is much more likely to have higher BP than the small child at any given chronological age. The results also raise the question whether this higher BP, found in childhood, places heavy, tall children at special risk for having elevated BP during late adolescence and adulthood. If variation in BP at age 7 is closely associated with somatic growth variation throughout adolescence, it may be necessary to develop revised BP standards that allow for the association of growth variation as well as age with BP in children.
Tracking Growth and Blood Pressure Growth of height and weight in individual children track very well through childhood, * -••• eo and, although individuals may depart from this track at adolescence due to different timing of the pubertal spurt, they usually return to it by maturity. 61 "* 3 We used height and weight in addition to SBP and DBP at 7 years as criteria for examining the association among these variables during adolescence. On the basis of percentile groupings of SBP, height, and weight at 7 years, we found that statistically significant SBP tracking did occur through age 15 years in males and 13 years in females. After puberty is reached, however, or in its later stages, the tracking relationship tends to disappear in both males and females. This finding is in agreement with other observations reporting a decrease in SBP tracking correlations during this part of the life cycle.
The pubertal growth spurt varies;*1 it generally occurs earlier in children who are taller and heavier than their chronologically age-matched peers (tables 7 and 8) a s. ei. ea. M Our study shows that significant differences in adolescent SBP (figs. 3 and 4) were maintained only until later-maturing children (15%-85% and < 15% groups) reached maturity. In fact, it appears that the SBP of the < 15% group rises especially rapidly after 15 years of age.
If BP increase during adolescence is largely associated with increase in body size, then those children who matured earlier should have attained their adult BP level at an earlier age than those who matured later. This hypothesis is supported by results in our population. Girls tend to mature about 2 years earlier than boys (age 13 in females versus age 15 in males)," which is consistent with the 2-year difference between the sexes for the disappearance of SBP tracking. Late maturers, who are still undergoing significant growth beyond age 13 in females and age 15 in males, would tend to reach the average BP levels as they, in turn, approach maturity. This would explain the convergence of the SBP levels of the different percentile groups as their body sizes converged. Moreover, the fact that the mean adolescent SBP, grouped on the basis of the 7-year SBP percentiles, tracked as well or better when grouped on the basis of the 7-year weight percentiles in both sexes (figs 3 and 4) provides support for the importance of early weight variation for subsequent BP tracking until late adolescence.
While the evidence above supports the hypothesis that mean SBP tracking is closely associated with growth variation prior to maturity, a more direct test of the hypothesis is provided by skeletal age data. Skeletal age is particularly appropriate because it is a precise estimate of maturity throughout the entire period of gTowth and development."-* •• 70 Unlike Tanner's sexual stages, its use is not limited to the pubertal period, and its endpoint is clearly reached by all adults.
*0 Skeletal age is also more highly correlated with menarche than Tanner's sex stages.
71 -" Our data on skeletal age demonstrated a highly significant difference in maturity during early adolescence among the three percentile groups for 7-year weight and height (tables 7 and 8). The > 85% group for both height and weight at 7 years showed higher skeletal ages than the other two percentile groups during adolescence. At older ages, when those in the other percentile groups (< 15% and 15%-85%) approached full skeletal maturity, this difference was not found. This result is also supported by our previous findings" that variation in skeletal maturation at puberty is associated with SBP variation within chronological age groups. Voors and his colleagues * have demonstrated a similar significant effect of sexual maturation. In addition, the differences between growth tracking based on the 7-year height and weight and SBP percentile groups suggest that tracking techniques must account for these growth effects if they are to yield more meaningful data.
We found no statistically significant DBP « tracking for males during adolescence. Likewise, with the exception of 7-year height percentiles, no significant tracking was found for females. This lack of DBP tracking in both sexes during adolescence on the basis of DBP percentile groups at age 7 may be due in part to the lower reliability of DBP measurements at age 7 as opposed to those taken during adolescence.
The fact that DBP in females during adolescence continues to track by the 7-year height percentile groupings may be important. These data suggest that the shortest girls at 7 years, who usually tend to be late maturers, have the lowest DBP in early adolescence and the highest in late adolescence (table 6) . This is consistent with the more significant association that we found between height and DBP in females at age 7 (table 3) , but further studies are needed to establish this possible association, which stems from our use of a mixed longitudinal design to infer changes over time. More specifically, the cohorts that were significantly different for DBP at age 17 did not overlap in membership with the cohorts that significantly differed in the other direction at ages 12 and 13 (table 6).
Elevated Blood Pressure During Childhood
Comparison between the population means from the representative and High BP7 samples helps to resolve this question about the interrelations of elevated BP during childhood and subsequent BP during adolescence (figs. 5 and 6).
Among males, there were differences in height and skeletal age that persisted through age 14 and BLOOD PRESSURE, GROWTH AND MATURATION/tfafz et at. differences in SBP and weight that persisted through age 15. The means in all values tended to converge completely at age 17. Although this result does not predict what pattern emerges after 17 years, the results nevertheless tend to confirm that SBP variation in childhood is significantly associated with growth status. Males with higher BP are also heavier and taller. Our findings may help to explain the lower tracking correlation coefficients between childhood and adult BP when growth variables were not taken into account."-*• Since increased height and weight for age during childhood also is associated with more advanced skeletal ages and earlier onset of puberty, those children who tend to have higher BP at 7 years also tend to reach adult body status at an earlier age. One major question is whether a High BP7 in males predicts anything about BP in adulthood. It is our conclusion that, without also having accurate data on growth status at 7 years, BP in childhood alone yields very little information about BP in males during late adolescence. This does not mean that high BP during childhood is insignificant, but, rather, that without height and weight to interpret its significance, much greater attention will be paid to children with larger body size than those whose body size is smaller but whose BP is relatively higher.
For females, comparisons between means of the representative sample and the High BP7 sample differed in several significant respects from the data on males. The SBP of the High BP7 sample remains significantly raised throughout adolescence with the exception of the 12-year-old group, and there is a corresponding trend toward higher body weights throughout adolescence. Very little difference was noted in either maturity (except at age 14) or height. The fact that there were no differences in skeletal maturity between the two samples of females suggests that if there had been differences in rates of maturation they were gone by age 12. This appears to be in contrast to the pattern established in the tracking of skeletal age by 7-year percentile groups for height and weight. One possible explanation for this discrepancy is that females in our representative sample who are between the ages 12 and 14 have median weights above the 50th percentile of the National Health and Nutrition Examination Survey (HANES) sample. 74 The median weights for subsequent age groups fall on the 50th percentile. Males of comparable age, on the other hand, all have median weights falling on or slightly below the 50th percentile of the HANES sample. Hence, our representative sample of females may be maturing earlier than those in the HANES sample, and the extra weight of the High BP7 group may not directly enhance earlier maturation, as appeared to be the case for males.
The rather flat appearance of the DBP 4 curve during adolescence in both males and females in our representative groups is rather striking (figs. 5 and 6). This absence of an age effect during puberty may be due, in part, to use of the supine position, but it should be noted that our finding of no DBP increase during adolescence agrees with the "Task Force" data. 8 This is especially true for females where a flat DBP pattern is evident after puberty. Voors and colleagues 11 have demonstrated a slight DBP increase with age (only a few mm Hg) in contrast to a more striking SBP increase.
Although the results address several important problems about the associations between childhood BP and somatic growth status and adolescent BP, growth, and maturation, several important issues require future consideration. One is the need for lengthier longitudinal studies. For example, with males at 17 years in our analysis of the High BP7 group versus the representative sample, it would be important to determine if the SBP of the later-maturing representative sample continues to climb higher than the earlier maturing HBP7 group. Or do girls in the < 15% group for height at 7 years continue to track upward to higher DBP or does this phenomenon disappear as did that for SBP in males at 17? More generally, these results suggest that approaches be developed that account for variations of BP and maturity within the appropriate cells of a matrix based on height-weight percentile groupings throughout the growth period.
Conclusions
The fact that weight and height percentiles at 7 years are highly associated with the timing of maturation during adolescence is critical for understanding the sequence of events associated with the large increase in BP levels and variability that occurs at adolescence. At least two phenomena are involved: 1) increased body weight for age is closely associated with high SBP for age during childhood, an association that has been verified repeatedly; and 2) increased weight for age during childhood is also associated with earlier maturity during adolescence whether measured by advanced skeletal age, or onset of puberty, an association that has also been observed by others. Our data substantiate these associations and their interrelations with one another. Thus, advanced skeletal maturation is associated in turn with an earlier onset of the pubertal spurt in somatic growth and increased SBP in early adolescence. Growth of most of these early maturing children slows earlier, however, and their smaller chronologically age-matched peers catch up about 2 years later. Early maturation does not appear to be significantly associated with substantial differences in adult body size at 17 or 18 years, when most growth in height, on the average, has ceased. Those who had relatively elevated SBP during childhood tended not to have elevated SBP during late adolescence provided they did not also remain relatively heavier. This raises the question of the degree to which rapid increases in muscle mass as opposed to change in body fat play a role in adolescent BP variation within, as well as between, sexes. Since height and weight at 7 years are highly correlated, it is not surprising to see that height and weight per-centiles at 7 follow a very similar pattern in accounting for the associations with early maturity and with SBP during adolescence. The fact that the DBP of adolescent females was significantly associated with height at 7 also implicates the association between maturation rates and BP during puberty, since girls who have short stature at 7 years tend to mature approximately 2 years later than those who were tall at 7 years. The evidence that variation in growth and maturity within age groups during childhood and adolescence is significantly associated with both SBP and DBP strongly indicates that standards that take these factors into account should be developed and utilized for clinical interpretation and diagnosis of BP variation during childhood and adolescence.
